Room temperature superconductivity and large-area epsilon-near-zero interfaces are longstanding goals of Condensed Matter Physics and Optics. Motivated by the recent advancements of experimental scenario of metallic nanostructures, we have theoretically investigated some bimetallic FCC combinations from first-principles, encompassing a wide range from large-area interface to embedded and doped nanostructures. Here, we propose the prospects of some selective bimetallic nanostructures like Au/Ag and Pt/Pd to exhibit some exotic phenomena. For such 2D doped and embedded nanostructures, non-trivial band-structure and Fermi-surface topology may be emblematic to the presence of instabilities like charge density waves or strong superconducting pairing together with near-zero behavior for both real and imaginary part of the dielectric constant in the optical range. We foresee that, if observed experimentally, such systems may lead to many fascinating physics and applications in many diverse fields ranging from condensed matter physics to optics or even more.
Current amelioration on bimetallic nanostructures (NS) [1] [2] [3] [4] has instigated lot of activities in multi-revisited phoenix field, superconductivity, with concurrent genesis of controversies. The first and foremost impact of such studies is, to ignite the expectation to accomplish the longprophesized goal of near-room temperature superconductivity. The theoretical scrutiny towards the experimental behavior have provided quite contrasting perspective towards the observed phenomenon, viz., electron-transfer induced strong perturbation in monovalent matrix possibly leading to granular superconductivity [5] , percolative transition of the disjoint components of the NS, leading to a zero-resistive state [6] , presence of van-hove singularities due to oxidative reactions [7] or prediction of superconducting T C calculated for 3D crystals and 2D slabs of AuAg alloys in mK range [8] .
In this work, with an exhaustive electronic structure calculations and density functional theory (DFT)-coupled quantum transport study of some FCC bimetallic heterostructures, we have highlighted their interesting electronic prospects. Stability of such bimetallic clusters like Au-Ag or Pt-Pd had long since been predicted [9, 10] . To emphasize more on the existing experimental scenario, we restrict the main-text investigations only on Au-Ag systems. In the supplementary studies [11] , we have predicted another promising FCC combination, Pt-Pd. Other FCC and BCC combinations like Ir-Rh or Mo-W are also investigated without betterment of results. We concentrate on the [111] cleaved metallic surfaces, sharing hexagonal topology for the corresponding Brillouin zone (BZ) for all constructed systems, as is also seen by experimental findings. [2] We have constructed the [111] cleaved trilayer of Au and Ag and analyzed the electronic band structure for five systems including the parent layers, viz, 1) Ag-111 matrix, 2) Au-111 matrix, 3) large-area interface formed from (1) and (2) having lattice mismatch of 0.12% (Au/Ag-111), 4) Ag-cluster of ~1nm embedded in Au-matrix and 5) Ag-doped Au matrix. System (4), the closest simulation of the experiment [2] , where few-atom cluster (~ 1 nm in average diameter) of Ag is embedded in an Au-111 trilayer surface matrix, is a 3D NS system. Since reducing the dimensionality will be beneficial to avoid the complexities due to z-directional dispersion of the calculated Fermi-surfaces, we have studied the 2D system of Au-matrix (system 5), doped centrally with a few Ag atoms. Fig 1 delineates the orbital-projected spin-orbit coupling (SOC) incorporated electronic fatbands for all the five structurally relaxed systems along highsymmetry directions within the hexagonal BZ, as depicted in Fig 2(d) . The first column of Fig 1 represents the converged charge densities. Relevant details of the calculations are described in reference [11] . In contrast to the bulk bands, [111] surfaces of both Ag and Au have conceded presence of flat-bands near Fermi-energy (E F ) between X-Y, manifesting mostly p-d (Fig 1(d) ) and s-d (Fig 1(e) ) hybridized characters respectively. Highly localized electrons in these flatbands may be responsible for promoting non-Fermi liquid (NFL) nature, as also observed in ptyped doped cuprates [23, 24] . The filled 4d levels of Ag [111] are lying ~ 0.7 eV deeper than the Au-5d levels. In Au/Ag-111 (Fig 1(f) and (g)), electrons from near-E F Au s-d hybridized levels are transferred to the p-d hybridized levels of Ag, leading to an upshift for the Au-5d levels between the energy range 0 to -2 eV, earlier empty for system 1 or 2. The nature of charge transfer between Au and Ag will be evident from the Bader charge table [11] , mainly pinpointing towards p-type doping for Au. Near -E F bands are mostly p-d hybridized for both Ag and Au and the system, being devoid of localized flat-bands due to inter-layer electron transfer, may regain the Fermi-liquid (FL) nature of Au or Ag. Loss of NFL nature is an indication of lacking correlated electron behavior, as seen experimentally for large-area interfaces [25] . The flatness of bands is retrieved back for the embedded NS, as is evident by comparing the energy scales of first two and last two band columns of Fig 1. With the flat-bands near E F from X to Y, possessing all three orbital characters, the system loses the inherent symmetry of the bandstructure, as existing in system 1-3. Fig S4 [11] displays the PDOS of systems 3 and 4, indicating that for both of them, the partially-filled Au-5d levels have the most contribution at E F . The symmetric band-dispersion can be recovered along with the NFL nature for system (5) (Fig 1(j) and 1(k)), where the 4d and 5d derived carriers are highly localized from-X and -Y. Interestingly, the band-topology within X-Y, having s-p hybridized levels, exhibits almost linear dispersion with approximate electron-hole symmetry near E F . The band-structure clearly indicates the possibility of minute fluctuation or perturbation to be capable of opening up a gap. The interdependence of Fermi-surface nesting (FSN) and presence of charge/spin-density waves (CDW/SDW) in metals have originated from Peierl's formulation of instability for 1D periodic half-filled system [26] . Presence of instabilities like CDW/SDW conceives new periodicity within an electronic system either compatible (commensurate) or incompatible (incommensurate) with the lattice periodicity [27] . In presence of any perturbation from ground state [28] , the occupied (k) and unoccupied (k′) electronic levels interact to generate a superposed density wave of periodicity defined by q.R, where q = k-k′ and R represents direct lattice position. While doubly occupied density wave orbitals represents CDW, an SDW constitute orbitals, singly-occupied with different spin states. In presence of a FSN, the levels corresponding to electron (occupied) and hole (unoccupied) pockets connected by q are almost degenerate for all k near a FS sheet. For metallic systems with reduced dimensionality, a nested FS poses an indication to the presence of CDW/SDW, whereby the nested portions of FS are removed by opening a gap. A recent reclassification [29] [30] [31] of CDW implies that for type I CDW, purely electronic FSN can be the origin of CDW and lattice distortion can be generated as an after-effect. For type II, CDWs are driven by electron-phonon coupling (EPC). To obtain the FSN-driven CDW, reduced dimensionality is an essential criterion to generate a perfectly diverging response function. For such systems, whenever symmetry is broken macroscopically by doping or other means, the FS undergoes a reconstruction forming electron and hole pockets, embodying closed orbits for quasiparticles [32] . In addition to CDW/SDW, there are contradicting studies about the FSN to be sole responsible for generating spin/orbital fluctuation-induced unconventional superconducting pairing in Fepnictides [33] [34] [35] . Reliance of perfection of nesting on the superconducting pairing strength [36] has motivated the analysis of FS topology for systems (3), (4) and (5). The resultant FS, for all these three cases, is complicated and composed of several individual sheets containing the electron and hole pockets, as shown in reference [11] . Fig 2 depicts the 2D projection of the merged FS sheets within the BZ for all three cases, whereas the top superposed rhombus represents a single FS sheet within the k-space unit cell. The tip of the rhombus within the BZ designates the -point. In Fig 2(a) , for Au/Ag-111, the -centred hole pocket nests partially to the small electron pockets at the corner of the BZ with q (yellow arrow). There is another incomplete nesting designated by q′ towards some of the mid-sides of the BZ (red arrow). Partial nesting and electron-hole asymmetry leads to the inequality of size/shape of electron and hole pockets and also connote its lacking potential for CDW or superconducting pairing. For the embedded system (Fig 2(b) ), FSN is more complicated due to the z-directional dispersion of the sheets. Near , two merged hole pockets nests with electron pockets at the mid-side (q′) with few FSN to the corner electron pockets (q). In Fig 2(c) , due to the near-2D nature of the doped system, the -centred hole pocket nests with all the electron pockets situated at the corners (q) and at the mid-sides (q′). The reconstruction of FS and nesting-like features suggests that system 4 and 5 may be promising solicitants for CDW/unconventional superconductivity. In [11] , we have found similar nesting behavior of the Pt/Pd doped and large area systems. However, in all these systems, the FSN is incommensurate in nature. Since size of the carrier pockets will be highly dictated by the near-E F band and FS topology, which in turn is subtly coupled with the interfacial structure of the system, reproducing systems with similar electronic response will be difficult.
Figure 3: (color online) Real ( 1 ) and imaginary ( 2 ) parts of dielectric constant () and refractive index plot for different systems.
Calculation of complex dielectric function () and henceforth derived optical attributes provides an overview of the alluring electronic behavior of the system. For bosonic model of superconductivity [33, 37] , having the coupling parameter  corresponding to any boson field, the (0) , with N(0) being DOS at E F and V is the average coulomb repulsion, ( , 0) should be negative [37] . In other words, when the real part of dielectric function is negative, the attractive coulomb interaction (V) between the electron pairs can lead to an exponential increase of T c , if other instabilities are arrested [38, 39] . This simple scenario, although gets disturbed with the simplest possible instability, provides ideas about the potential optical parameters. The calculated real ( 1 ) and imaginary ( 2 ) parts of  are presented in Fig 3, along with their respective refractive indices, which clearly indicate the fascinating optical potential of the systems 4 and 5. For both of these systems, the x and y components of  1 acquire a negative value between 0-1 eV. Beyond 1eV, both  1 ,  2 and thereby calculated refractive index undergo a transition to a minuscule value after a zero-energy near-divergence, revealing their propitious usage in the field of non-linear optics, where a gigantic search for epsilon near-zero (ENZ) materials is underway [40, 41] . These systems may have a large non-linear refractive index and thus may be used for optical switching. The near-perpendicular exit of transmitted light also prompts their use as optical interconnectors. Due to their 2D nature, the z-component remains always negligible. For the Pt/Pd system, as presented in [11] , negative and ENZ values are plausible for both large-area interfaces and doped systems.
Figure 4: (color online) a) Comparative I-V characteristics for I) Au channel with Ag contact and II) Ag channel with Au contact, b) 1-D projected LDOS for device I and II and c) 3D coloured plot for LDOS of device I and d) device II.
The resistivity measurements of reference [1, 2] , have persuaded the reconnaissance of the roomtemperature DFT-coupled quantum transport behavior of the simplest possible device geometry, where the trilayer surface of Au(Ag) will constitute a channel with lateral contacts of Ag(Au) [11] . We designate them as I) Au channel with Ag contact and II) Ag channel with Au contact. In Fig 4(a) , the I-V transport characteristics are plotted, implying that the absolute current value will be higher for the device II with a maximum bias of upto 2V across the contacts. More details of transport behavior could be seen from Fig 4(b) , where we plot the 2D projection of the local DOS (LDOS) in the b-c plane passing through the center of the device-BZ (Γ point) with respect to the current-transport (c) axis. Comparison of the details of LDOS suggests that device I, displaying more DOS at channel, have lesser interfacial backscattering at the contacts than device II and thus results lesser DOS at contacts. Contribution from the incident and reflected states from the contact-channel interfaces will also be evident from the 3D LDOS plots (Fig 4(c) , (d)). The nature of electrical transports will be more elusive from the interpolated transmission contour plots through the central a-b plane (perpendicular to the current transport), passing through the Γ-point for different biases along with the total integrated transmission spectra with respect to energy. For Au-channel (device I), with increasing bias, highly transmitting zone around Γ-point starts depleting, while the edges transmits more (Fig 5(b) , (c) and (d)). The integrated transmittance plot with respect to energy (Fig 5(a) ) also demonstrates the reduction of total transmission through the central zone with increase in the applied bias. For device II with Ag channel, on the other hand, the transmission color-maps contain more intricacies (Fig 5(f) , (g) and (h)). In addition to the depleting central zone, highly transmitting pockets are created over the Γ-centered cross-sectional area of the device. With increasing bias, the regions with different transmissions are reorganized, keeping the trend of having higher transmission at edges. For highest bias, even the edges contain some lowtransmission region. The integrated transmittance plot in Fig 5(e) shows the clear reduction of transmission through the central plane with bias. Therefore, the transport details for the simplest possible device made out of Au/Ag are far more complicated than anticipated. Experimental NS system [1] [2] [3] will contain more complexities because of the presence of defects, grain boundaries and different sample morphologies. The interfacial and defect scattering effects will complicate the scenario by many orders.
In conclusion, we have analyzed the electronic and optical attributes of NS and large-area interfaces of the Au-Ag system. The presence of FSN, flat-band induced NFL nature, negative as well as near-zero values of the real part of dielectric constant entails that the NS of such simple bimetallic systems can pose a challenge to both the experimental and theoretical physicists to accomplish a thorough understanding of physics of the observed NS. 
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